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(54) Title: PROCESS FOR DETERMINING THE STATUS OF AN ORGANISM BY PEPTIDE MEASUREMENT 
(54) Bezeichnung: VERFAHREN ZUR ERFASSUNG DES STATUS EINES ORGANISMUS DURCH MESSUNG VON PEPTIDEN 
(57) Abstract 

A process is disclosed for determining the status of an organism by measuring peptides in a sample of the organism which contains 
high-molecular and low-molecular peptides and acts as an indicator of the organism status. Low-molecular peptides are directly sensed and 
characterised, and are then correlated with a reference. 

(57) Zusammenfassung 

Verfahren zur Erfassung des Status eines Organismus durch Messung von Peptiden aus einer Probe des Organismus, die hoch- 
und niedrigmolekulare Peptide enthalt, als Indikator for den Status des Organismus, wobei niedrigmolekulare Peptide direkt erfafit und 
charakterisiert und mit einer Referenz in Beziehung gesetzt werden. 
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A b s t r a c t : 



A method for detecting the condition of an organism through the 
measurement of peptides from a sample of said organism contain- 
ing high- and low-molecular weight peptides, as an indication 
of the condition of said organism, wherein 

low-molecular weight peptides are directly detected and 
characterized; and 

related to a reference. 
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A method for detecting the condition of an organism 
through the measurement of peptides 

The present invention relates to a method for detecting the 
condition of an organism through the measurement of peptides 
from a sample of said organism. 

Various analytical methods are employed for detecting the 
condition of an organism. Thus, for example, in the diagnostics 
of higher organisms, when pathological results are obtained, 
attempts are made to fathom the causes of the pathological 
change on the basis of the symptoms in order to develop a 
causal therapy. Further, efforts are being made to develop a 
reference of an average "healthy" organism by sequencing the 
genomes of organisms and establishing "wild type genomes" in 
order to be able to discover individual deviations which could 
indicate possible pathogenic developments by performing corre- 
sponding gene analyses. A drawback of the first methodological 
approach is that diagnostics free from hypotheses (bias-free) 
cannot be performed since the diagnostics therein are already 
based on assumptions. A drawback of the second method is that 
it will not be possible for a long time to diagnose the impor- 
tant or even all diseases attributed to genetic dysfunctions. 
Another drawback of the latter method may also be that a muta- 
tion on a gene does not necessarily result in expression of the 
related phenotype. 

Thus, it would be desirable to provide a universally employable 
diagnostic method by which it is possible to avoid the draw- 
backs mentioned, and, in particular, to perform diagnostics free 
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from hypotheses. In addition, the diagnostic method should be 
universally employable, not be restricted to higher developed 
systems, but also be employable for detecting the condition of 
lower organisms. In addition, it should be easy to establish 
and capable of being carried out with per se known techniques. 

Thus, it has been the object of the present invention to pro- 
vide such a method. 

Surprisingly, the object of the invention is achieved in' a 
simple manner by a method with the features of claim 1 . The 
subclaims pertain to preferred embodiments of the method ac- 
cording to the invention. 

The method according to the invention for detecting the condi- 
tion of an organism starts by taking a sample from the organism 
to be examined. This sample may also be the complete organism. 
The sample must contain low-molecular weight peptides, but 
there is no interference from high-molecular weight peptides or 
proteins which are also contained in the sample in addition to 
low-molecular weight peptides. According to the invention, the 
low-molecular weight peptides are directly detected and charac- 
terized and serve as indicators of the condition of the organ- 
ism. It is possible to detect single peptides directly by a 
measuring technique, to detect several peptides by a measuring 
technique, or even all the low-molecular weight peptides pres- 
ent in the sample which can be detected by a measuring tech- 
nique. Unlike conventional analytical or diagnostic methods, 
such as gel electrophoresis or two-dimensional electrophoresis 
and, for example, clinical diagnostic methods, the method 
according to the invention does not examine the high-molecular 
weight structures, such, as proteins. As opposed to per se known 
diagnostic methods, such as radioimmunoassay or other competi- 
tive assays for the measurement of peptide hormones and the 
like, the low-molecular weight peptides, are directly detected 
according to the invention by some measuring technique rather 
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than indirectly as in the method3 mentioned. The distribution 
of low-molecular weight peptides in a representative cross- 
section of defined controls is used as a reference. 

In the method according to the invention, the sample to be 
examined may be derived from tissue or fluid samples from the 
organism the condition of which is to be detected, or it may be 
the organism itself or parts thereof. When lower organisms are 
examined, the organism itself is preferably used as the sample. 
Such lower organisms include, in particular, single-celled 
organisms, such as procaryotic systems or simple eucaryotic 
systems, such as yeasts or other microorganisms. 

According to the invention, the low-molecular peptides employed 
for measurement shall preferably have a molecular weight of not 
more than 30,000 Dalton. The lower limit is not actually criti- 
cal, but dipeptides represent the lower limit of low-molecular 
weight peptides to be detected according to the invention. 
Particularly preferred are molecular weights of the low- 
molecular weight peptides of from 100 to 10,000 Dalton. 

If required, for example, due to a changed measuring arrange- 
ment, it may be advantageous to remove high-molecular weight 
peptides or proteins and other biopolymers which might inter- 
fere with the measurement from the sample. This is not re- 
quired, in particular, in cases where the higher-molecular 
weight peptide compounds are not covered by the measuring 
method to be employed according to the invention. 

Preferably, according to the invention, mass spectroscopy is 
employed for detecting the low-molecular -weight peptides. 
Particularly preferred is the so-called MALDI method (matrix 
assisted laser desorption .ionization mass spectroscopy) . If 
mass spectroscopy is employed as a method, it is recommendable 
to employ the data obtainable by said mass spectroscopy for 
characterizing the low-molecular weight peptides, such as their 
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molecular weights. It is also possible, under particular cir- 
cumstances, to analyze other parameters, such as the charge of 
the peptides, or the characteristic retention times on chroma- 
tographic columns, or a fragment pattern of the low-molecular 
weight peptides, or combinations of the mass and charge of the 
low-molecular weight peptides. 

Depending on the additional questions connected with the detec- 
tion of the condition of the organism, it may be advantageous 
to divide the sample into several fractions and to analyze the 
samples under different aspects or with different measuring 
arrangements, and thus to detect a condition of the organism. 

The organisms include, in particular, procaryotes, eucaryotes, 
multicellular organisms, cells from tissue cultures, cells from 
animals and humans. Thus, it becomes possible according to the 
invention to examine the condition of genetically engineered or 
transformed and/or conditioned organisms. This may be advanta- 
geous, in particular, for checking transformed systems in order 
to recognize any unexpected or undesirable properties which 
might have been developed by transformed organisms, for in- 
stance, by forming peptides indicative of undesirable or unex- 
pected properties, such as toxic properties. 

In particular, any deliberately or unintentionally performed 
manipulation (conditioning) of an organism may influence its 
condition, whether during the administration of medicaments, 
gene therapy, infections, in the working place from contact 
with chemical substances, in test animals, especially trans- 
genic animals and knock-out mutants. Especially in the case of 
such methods, an intra- and inter individual comparison, for 
example, through the chronological taking of samples from an 
organism prior to and in the course of one of the above men- 
tioned measures, or a comparison with untreated control organ- 
ism may be used to check whether the predicted and desired 
changes in condition have actually occurred, and whether, in 
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addition or instead, unpredicted, undesirable or desirable, 
changes have occurred which are detected by the method accord- 
ing to the invention without the need to recur to hypotheses. 

Therefore, the method according to the invention is also use- 
ful, for example, for accompanying clinical studies, toxico- 
logical examinations in the testing of medicaments of all 
kinds, for analyzing/detecting decomposition products, for the 
identification of gene products.- 

In veterinary and human . medicine, the method according to the 
invention gains its outstanding importance by the fact that it 
enables the detection of the condition of the respective organ- 
ism without the need to recur to hypotheses. Thus, rather than 
performing a confirmation assay based upon a preconceived 
opinion, a real overall picture of the condition of the organ- 
ism examined can be created. The method according to the inven- 
tion, which may be designated as a differential peptide dis- 
play, is based on the fact that a particular peptide pattern is 
present in a healthy organism which is therefore capable of 
serving as a reference standard. Now, if the peptide condition 
of an individual is recorded and compared to that of the refer- 
ence, deviations can be detected which provide a first indica- 
tion of a possibly pathogenic condition. By detecting the 
deviations established by comparison with similar pathogenic 
conditions from corresponding samples of a diseased, it is then 
possible to identify the respective disease directly from the 
analysis by a mere comparison of the deviations in the peptide 
pattern of the sample of said individual, and correspondence of 
the deviation with an assigned clinical picture. 

According to the invention, one may proceed as follows, in 
particular. Ultraf iltrates from body fluids and tissue extracts 
may first be used for preparing a reference sample. Recovery of 
the filtrate peptides and their separation into fractions is 
performed, for example, by collecting low-molecular weight 



peptide fractions. The characterization of the peptide frac- 
tions may be effected, for example, by their retention behavior 
and molecular weight, which can be determined by chromatography 
or mass spectroscopy. For example, if an ultraf iltrate from 
patients suffering from a known disease is used and compared 
with the previously established spectrum of healthy reference 
subjects, the deviating pattern enables an assignment of the 
specific disease to the condition of the respective peptide 
mixture. Thus, this method may also be employed in a per se 
conventional manner, for example, by immediately interrogating 
the appropriate peptide pattern indicative of pathogenic 
changes. In some cases, this may even be one peptide character- 
istic of the respective disease. For example, if a sample is 
analyzed from a patient for whom a particular clinical picture 
can be recognized and a hypothesis for the cause of such, dis- 
ease exists, this specific peptide may also be interrogated in 
the analysis according to the invention, and if the result is 
positive, appropriate therapeutic schemes may be established. 
Thus, it is altogether possible to first take a sample from the 
patient, to record a condition by the method according to the 
invention, and then, if the presence of a deviation indicative 
of pathogenic conditions is established, either to perform a 
control measurement by per se known confirmation assays recur- 
ring to the usual clinical assays, or to perform such control 
measurement by specifically screening for the indicator of the 
pathogenic condition. 

Peptides may be recovered by methods known to those skilled in 
the .art, such as ultrafiltration of the respective starting 
material. When doing so, filters are used having a molecular 
exclusion size within the range claimed according to the inven- 
tion, i.e., between that of a dipeptide and a maximum of 30,000 
Dalton. By appropriately selecting the respective membranes, it 
is also possible to obtain fractions of particular molecular 
weights. Preferably, from 0.2 ml to 50 1 of filtrate is ob- 
tained from the filtration, which is adjusted, for example, to 
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a pH value of from 2 to 4 by acidification with diluted hydro- 
chlorid acid immediately after the end of the filtration. The 
amounts mentioned especially serve to examine pooled samples, 
for developing reference samples from healthy subjects, or for 
determining disease-specific peptide markers for establishing a 
peptide data base. 

The peptides present in the filtrate after ultrafiltration are 
recovered by adsorption to chromatographic materials, espe- 
cially cation exchangers, such as Fractogel, anion exchangers-- 
Fractogel TMAE, and reversed phase (RP) materials, followed by 
elution with linear gradients or step gradients. For further 
purification, other chromatographic separations, especially 
through reversed phase materials, may optionally be effected. 

The measurement of the peptide fractions is preferably per- 
formed by mass-spectrometrical analysis, especially with MALDI 
MS (matrix assisted laser desorption ionization mass spectrome- 
try) or ESI MS (electrospray ionization MS) . These are methods 
which can be used for the analysis of peptides. This preferably 
involves the on-line coupling of Microbore reversed phase 
separation and mass spectrometry (LC-MS coupling) . From the 
data obtained, a multidimensional table is established based on 
retention behavior, molecular weight and signal intensity as 
the preferred guiding parameters. However, other quantities 
which can be determined with the mentioned methods may also be 
recorded. 

The data about patients with a known basic disease obtained 
from the above mentioned steps are compared to the similarly- 
obtained data from a healthy reference population. Both quali- 
tative changes (e.g., the occurrence of new peptides or the 
lacking of peptides) and quantitative changes (the increased or 
decreased occurrence of individual peptides) are detected. If 
required, the targets defined by • the comparative analysis may 
further be purified and identified by methods of peptide chem- 
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istry known to those skilled in the art. The sequence informa- 
tion obtained can then be. compared with protein and nucleic 
acid data bases and subsequently with data from the literature. 
The relevance of the represented peptides with respect to the 
examined disease is checked by functional studies and by 
screenings with appropriate groups of patients. 

Example 1 

Use of body fluids: blood filtrate (hemof iltrate, HF) 
1. Recovery of HF 

HF is recovered by arterio-venous or veno-venous hemof iltration 
performed by techniques known to those skilled in the art with 
selected patients or subjects. The recovery of HF is effected 
in the same way, in principle, as performed as a matter of 
routine in patients with chronical renal disease. Through an 
arterial drain and venous feed (arterio-venous hemof iltration) 
or venous drain and venous feed (veno-venous hemof iltration) , 
the patient's blood is passed with the aid of a hemof iltration 
device (e.g., Hemoprozessor, Sartorius, Gottingen; AK 10 HFM, 
Gambro, Hechingen) through a hemof ilter (e.g., Hemof low F 60 or 
Hemoflow HF 80 S, Fresenius, Bad Homburg; Hemoflow FH 77 H and 
Hemoflow HF 88 H, Gambro) which has a molecular exclusion size 
of up to 30 kDa. The filtrate volume withdrawn from the patient 
is substituted by an electrolyte solution (e.g., SH 01 f SH 05, 
SH 22, SH 29, Schiwa, Glandorf ) . 

According to the -present method, a diagnostic hemof iltration is 
performed with the aim to obtain from 1 to 30 1 of HF from a 
patient in the course of one hemof iltration . For avoiding 
proteolysis, the hemofiltrate is immediately adjusted to a pH 
value between 2 and 4 with diluted acid (e.g.,. 1 M HC1) , and 
cooled to 4 °C. 
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2. Recovery of the HF peptides and separation into fractions 
2.1 Peptide extraction with stepwise elution 

10 1 of hemofiltrate is diluted with deionized water to provide 
a conductivity of 6 mS/cm, and its pH value is adjusted to 2.7 
with hydrochlorid acid. The HF is then applied to a chroma- 
tographic column. After binding of the HF peptides, the bound 
peptides are eluted with a pH step elution using 7 buffers with 
increasing pH values. 

Chromatographic conditions: 

flow for application: 100 ml/min • 
flow for elution: 30 ml/min 
detection: 214, 280 nm 

column: Vantage (Amicon, Witten), 6 cm diameter x 7 cm filling 
height 

column material: Fraktogel TSK SP 650 M (Merck, Darmstadt) 
equipment: BioCAD 250, Perseptive Biosystems, Wiesbaden-Norden- 
stadt 



buffer 


pH value 


buffer substances 


molarity 


elution buffer 1 


3.6 


citric acid 


0.1 


elution buffer 2 


4.5 


acetic acid 


0.1 i 


elution buffer 3 


5.0 


malic acid 


0.1 . 


elution buffer 4 


5.6 


succinic acid 


0.1 


elution buffer 5 


6.6 


sodium dihydrogenphosphate 


0.1 


elution buffer 6 


7.4 


disodium hydrogenphosphate 


0.1 


elution buffer 7 


9.0 


ammonium carbonate 


0.1 



Eluates 1-7 are separately collected. 
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2.2 Second chromatographic separation 

Eluates 1-7 are separately subjected to chromatography through 
a reversed phase column. 

Chromatographic conditions: 

flow for application: 10 ml/min 
flow for elution: 4 ml/min 
detection: 214 nm 

column: HPLC steel column, 1 cm diameter, 12.5 filling . height 
column material: Source RPC 15 pm (Pharmacia, Freiburg) 
equipment: BioCAD, Perseptive Biosystems, Wiesbaden-Nordenstadt 

The eluate is collected in 4 ml fractions. 

3. Mapping of the peptide fractions 

3.1 

Aliquots of the fractions obtained in 2.2 are applied to a 
Microbore reversed phase column and eluted in a gradient. 
Detection is effected with a UV detector and on-line with an 
electrospray mass spectrometer. 

Chromatographic conditions: 

flow for application: 20 pl/min 
flow for elution: 20 pl/min 
detection: 220 nm 

column: C18 AQS, 3 pm, .120 A, 1 mm diameter, 10 cm length (YMC, 
Schermbeck) 

equipment: ABI 14 0 B Dual Solvent Delivery System 
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buffer A: 0.06% trif luoroacetic acid in water 
buffer B: 80% acetonitrile in A 
gradient: 0% B to 100% B in 90 min 

On-line mass spectrometry: 

API III with fclectrospray interface (Perkin-Elmer, Weiterstadt) 
positive ion mode 

measuring range :m/z from 300 to 2390 

scan time: 7 s 

scan window: 0,25 m/z 

Data acquisition is performed with MacSp.ec or MultiView Soft- 
ware (Perkin-Elmer) . 

3.2 MALDI MS measurement of the individual fractions 

Aliquots of the fractions obtained in 2,2 are measured with 
different matrix substances, e.g., with the addition of L-(-)- 
fucose, in MALDI MS. 

From the raw data, a multidimensional table is established 
considering the scan number, signal intensity and, after calcu- 
lation, of the masses from the multiple-charged ions of a scan. 

4. Comparative analysis 

4.1 Identification of novel or lacking peptides or those sig- 
nificantly deviating in quantity 

By comparing the data sets obtained under 3.3, which may also 
be referred to as peptide maps, qualitative and/or quantitative 
differences are established. Considering controls and samples, 
individual data sets or sets of data sets are -used for compari- 
son. 
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4.2 Peptide-chemical characterization of the identified targets 

From the raw material obtained (e.g,, large preparations of 
hemofiltrate) , the identified targets are purified in such 
amounts as allow identification, using the different chroma- 
tographic separation techniques known to those skilled in the 
art which are generally employed for separating peptide mix- 
tures, (reversed phase, ion-exchange, size exclusion, hydropho- 
bic interaction, etc.). After each chromatographic separation 
of a fraction, the targets are again identified in the frac- 
tions by ESI MS, MALDI MS or LC MS. This procedure is repeated, 
with variation of the chromatographic parameters, until a pure 
product of the desired specification, i.e., retention time and 
molecular weight, has been obtained. This is followed by the 
determination of a partial or complete amino acid sequence or a 
fragment pattern. Subsequently, a data base comparison is 
performed with the known data bases (Swiss-Prot and EMBL- 
Peptid- und Nucleinsaure-Datenbank) , with the object to iden- 
tify the partial or complete sequence or a fragment pattern. If 
no data base entry exists, the primary structure is clarified. 

Example 2 

Use of body fluids: ascitic fluid 
1. Recovery of ascitic fluid 

Ascitic fluid is formed as an extravascular exsudate in various 
diseases (malignant tumors, liver disorders etc. ). According to 
the present method, between 10 ml and 10 1 of ascitic fluid is 
obtained by punction and then immediately adjusted to a pH 
value of between 2.0 and 4.0 with diluted acid (e.g.-, 1 M HC1) 
in order to avoid proteolysis, and cooled to 4 °C. After ul- 
trafiltration over a cellulose triacetate membrane with an 
exclusion size of 30 kDa (Sartocon mini-apparatus, Sartorius) , 
the filtrate is further used as a source of peptides. 
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2. Recovery of the ascitic fluid peptides and separation into 
fractions 

2.1 Peptide extraction with .gradient elution 

5 1 of ascitic fluid filtrate is adjusted to pH 2,0 and sepa- 
rated through a preparative reversed phase column. 

Chromatographic conditions: 

flow for application: 40 ml/min 
flow for elution: 40 ml/min 
detection: 214 nm, 280 nm 

column: Waters cartridge system, 4.7 cm diameter, 30 cm filling 
height 

column material: Vydac RP-C18, 15-20 pm 

equipment: BioCAD, Perseptive Biosystems, Wiesbaden-Nordenstadt . 
buffer A: 0.1% trif luoroacetic acid in water • • 

buffer B: 80% acetonitrile in A 
gradient: 0% B to 100% B in 3000 ml 

The eluate is collected in 50 ml fractions. 

The further course of the characterization corresponds to that 
in Example 1. 

Example 3 

Use of body fluids: urine 
1. Recovery of urine 

Urine is directly recovered as catheter urine or spontaneous 
urine from patients in amounts of from 0.5 to 50 1 and immedi- 
ately adjusted to a pH value of between 2.0 and 4.0 with di- 
luted acid (e.g., 1 M HC1) in order to avoid proteolysis, and 
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cooled to 4 °C. After ultrafiltration over a cellulose triace- 
tate membrane with an exclusion size of 30 kDa (Sartocon mini- 
apparatus, Sartorius), the filtrate is further used as a source 
of peptides. 

2. Recovery of the urine peptides and separation into fractions 
2.1 Peptide extraction with stepwise elution 

10 1 of urine filtrate is diluted with water to provide a 
conductivity of 6 mS/cm, and its pH value is adjusted to 2.7 
with HC1. The urine filtrate is then applied to a chroma- 
tographic column. After binding of the peptides, the bound 
peptides are eluted with a saline gradient. 

Chromatographic conditions: 

flow for application: 100 ml/min 
flow for elution: 30 ml/min 
detection: 214 nm 

column: Vantage (Amicon, Witten) , 6 cm diameter x 7 . cm filling 
height 

column material: Merck Fraktogel TSK SP 650 M 

equipment: BioCAD 250 , Perseptive Biosystems, Wiesbaden-Norden- 
stadt 

buffer A: 50 mM NaH 2 P04, pH 3.0 
buffer B: 1.5 M NaCl in A 
gradient: 0% B to 100% B in 2000 ml 

The eluate is collected in 10 pools of 200 ml each. 

2.2 Second chromatographic separation 

The fractions are separately subjected to chromatography 
through a reversed phase column. 
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Chromatographic conditions : 

flow for application: 10 ml/min 
flow for elution: 4 ml/min 
detection: 214 nm 

column: HPLC steel column, 1 cm diameter, 12.5 cm filling 
height 

column material: Pharmacia Source RPC 15 pm 

equipment: BioCAD, Perseptive Biosys terns, Wiesbaden-Nordenstadt 

buffer A: 0.1% trif luoroacetic acid in water 
buffer B: 80% acetonitrile in A 
gradient: 0% B to 100% B in 200 ml 

The eluate is collected in 4 ml fractions. 

The further course of the characterization corresponds to that 
in Example 1. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A method for detecting the condition of an organism 
through the measurement of peptides from a sample of said 
organism containing high- and low-molecular weight pep- 
tides, as an indication of the condition of said organism, 
without the need to recur to hypotheses, wherein 

low-molecular weight peptides are directly detected 
and characterized; and 

related to a reference. 

2. The method according to claim 1, wherein said sample is 
tissue or fluid samples from said organism, or the organ- 
ism itself, or combinations thereof. 

3. The method according to claim 1 Qr 2, wherein said 
low-molecular weight peptides used for said measurement 
have a molecular weight of not more than 30,000 Dalton. 

4. The method according to claim 3, wherein said low- 
molecular weight peptides used for said measurement have a 
molecular weight which at least corresponds to that of 
dipeptides . 

5. The method according to claim 3 or 4, wherein said 
low-molecular weight peptides used for said measurement 
have a molecular weight of from 100 to 10,000 Dalton . 

6. The method according to at least one of claims 1 to 5, 
wherein said high-molecular weight peptides are separated 
off prior to measurement of said low-molecular weight pep- 
tides, or left unconsidered, in terms of measurement or 
evaluation, in the recording of the sample. 
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7. The method according to at least one of claims 1 to 6, 
wherein the detection of said low-moiecuiar weight pep- 
tides is effected by mass spectrometry. 

8. The method according to at least one of claims 1 to 7, 
wherein said low-molecular weight peptides are character- 
ized through the measurement of their molecular weights. 

9. The method according to at least one of claims 1 to 8, 
wherein said sample is di vided into different fractions 
prior to said measurement of the low-molecular weight pep- 
tides, and the fractions are measured under different con- 
ditions . 

10. The method according to at least one of claims 1 to 9, 
wherein said organisms include procaryotes, eucaryotes, 
multicellular organisms, cells from tissue cultures, cells 
from animals and humans. 

11. The method according to at least one of claims 1 to 10, 
wherein said sample is derived from genetically engineered 
or transformed and/or conditioned organisms. 

12. The method according to at least one of claims 1 to 11, 
wherein the detection of the condition of the organism 
serves for examining and recording the overall condition 
of the organism without the need to recur to hypotheses in 
order to repeal any deviations from a reference condition. 

13. The method according to at least one of claims 1 to 11, 
wherein the detection of the condition of a transformed 
organism serves for examining and recording the overall 
condition of the organism without the need to recur to hy- 
potheses in order to reveal any changes of the transformed 
organism for revealing the occurrence of peptides con- 
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necueci with the transformation which are causally related 
to metabolic changes. 



•••• 
•••• 



•••• 
•••• 



•••• 



